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SYNTHESIS Of: LEAD PORPHYRIS DEKIVATlVES BY A SOLILi STATE REACTION 

Yin liarr Zhang' 
Department of Applied Chemistry, Lnivcrsity of Science arid TechnoLogy ol  

China lkfei, Anhui 230026, I>. I<. China 

Yurr-Ping Liu 
Department of Precision Machinery and Precision Instruments, University of 

Science and Technology of China, Hefei, Anhui 230026, P. R. China 

Shao-Hua Fan 
Department of Chemistry, Fuyarig Normal College, Aiihui, 236100, P. R. China 

ABSTRACT 

A solid state reaction was succcssfully applied for the i'irst time to 

synthesize complexes of lead(l1) with t.he porphyrirr drrivat.ives m e s r  

tetra(4- hydroxypherry i )  porphyr i n, arid 

me.scrtetra(l-ni tropheny1)porphyrin. The influcnce of the composition and 

structure of the porphyrin, temperature, initiator and mixing degrec on the 

reactions was studied. IR, U V  ahsorption and fluorescence spectra. show thc 

compositions arid structures of the complexes are the same as thosc 

synthesized in solution. 

meso-tetra ( 4  nvthoxyphcnvl) porphyr i ri 

INTRODUCTION 

The structures and properties of porphyrins and metalloporphyrins have 

been studied in great detail. They may be used as catalysts', anticancer 

and photodvnamic therapy drugs2'3, photosensi tivc agents"', and so on. lhus, 
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280 ZHANG, LIU. AND FAN 

EXPERIMENTAL 

Prepara t ion  ~ of C o x l e x e s  by thg  So l id  S t a t e  Reaction 

Lead(i1~ ac(:tritc nonohydratc (0. 0686 g, 0. 2 mmol) arid l12TllW(0. 135ti g, 0. 2 

m m o 1 )  ( 1  : I molar ratio) were mixed, :in(: d r o p  of  acetoric wi:s wddcd and t h e  

vixture ~ : - t ~ ~ i r i ( J  1 1 :  i i r i  agate mortar I'oI- 20 minutes. 'I'hc, progress  01' the 

rcac t  ioi? was w n i t o i - e c  by LV i h s o r p ?  iori spccLra a t  350 7U(J r!m I n  DMI' 

so lu t ion .  The, produc: may bc purified b y  c o l u m n  chromatography o:: lt120:\ w i t h  

CIICI., 30 niL as  ciuaLc on a 20 cni X 3 cm diameter  column. The prodbct w x  

a l l o w t d  1 0  c r y s t x l i i z e  by slow evapora t ion  of t he  s o l v e n t .  'The y i c l d  was 

0. 162 g (92 % ) ,  'The o t h e r  coniplcxcs were s y n t h e s i z e d  by i i  s imi la r  

prOcCdtJrl?. 

Preparat-ion of t h e  Lead(I1) Porphyrin Complexes i n  So lu t ion  

The iriet.al porphyrin complexes were a!so prepared as described i n  t h e  

1 i  t e ra ture '  by rei-!uxirig lead(I1) ace ta t e  monohydrate (0. 171 g, 0. 5 nmol) arid 
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LEAD PORPHYRIN DERIVATIVES 28 1 

K = q-\- 

- +- 
Fig. 1. S t ruc ture  o f  !he I’ur~ihvrir~s 

the porphyrin (0. 5 nimol) in 40 ml. DMF !‘or 70 minutcts. Thc volsrne o!’ the 

so lu t ion  was decreased and then the so lu t ion  was cooled i n  i:ir ice, watcr 

bath. CII,OH CIKi , (? :  1 v / v )  20 ml.. was added and the resul ti!:& pdi- t ia! lv  

c r y s t a l l  ine p rec ip i t a t e  was f i  1 tered and washed with CH,OH u n t  i 1 the 

f i  l t r a t e  was c lear .  The products were pur i f ied  hv chroirliitogi.iip!ik on ari 

alumina. co!iimn d n d  r ec rys t a l l i za t ion  froin CII , ,OH-CHCI~(5:  I i , / v j  30 m l . .  l h e  

elemcrital analyses r e su l t s  were the siimc as rhose synthesized i r i  t h ( -  sol id 

s t a t e .  

RESULTS DISCUSSION 

Effect of Experimental Conditions 

The green lead complexes form i n  the sol i d  s t a t c  h y  I tic, 1’01 !owing 

reac t  ion: 

I I P  I’h (ClidBO) 2 -+ PbP + 2 C l K O O H  

where H2P i s  t h e  porphyrin. Although t h i s  i-eaction is  the same as i t  occurs 

in so lu t ion ,  h u t  the r a t e  i s  f a s t e r ,  ond thc y ie ld  i s  high. 

The reaction r a t e  and conversion arc re la ted  to  various fac tors  including 

r eac t an t  s t ruc tu re ,  reac t ion  temperature, mixing degree arid i r r i  t i a to r .  For 

temperature, the reaction was completcd i n  over 2 .0  h a t  room temperature 
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282 ZIlANG, LIU. AND FAN 

t hc y i o l  (Is WCI-(’ iis I‘oi lows: 0. 13 g (74. 4%) f o r  I’b‘lHPP; 0. I 1  g (60. 1%) for  

PbTblOI’P and 0. 10 g (50%)for PbTNPP and in 1 . 5  h e l  X ’ C ,  t h e  y ie lds  were: 

0. I5 g (90. S%) f o r  l%ltIl’P, 0. 16 g (82. 2%) for l~lYh4Ol’P and 0. I t i  g (80.  3%) 

I’bTUI’I’. I r ;  !lie pres rncc  of a small amount of  iiwtorie, thca r eac t ions  a r e  

i:onpl(,!i’ti : r ,  :3(J m i r i  a t  35°C: rhe y i e l d s  s e re  9 1 . 2 %  for  Pi)’TlllllJ, 85.2% fur 

I’hT!dOl’P i i r i C  83. 9% I’ti’i’VlY, thus i t  appeal-s the r rac t  ion is catalyzod b y  

acetone. I t  ’nay tie that t!ie l iqu id  acctone can t r a n s f e r  a:icl cxchangc inat t e r  

and c’riergy betwecr; the r e a c t m t s .  

The reactani s!ruc:ure a lso  influences the react i o n  ra;e. Lxpcrincriis 

s h o w  t!;a~ the rates for d i  f‘ferent porphyriris a r e  d i  f‘fcrciit. ‘I’ll(, r-ract io r i  oI’ 

Iea t l ( l1 )  a L : ~ t . a t c  w i t i i  H2’l’Ilt’P i s  the f a s t e s t ,  anti that w i t h  li2’lMOl’l’ i s  :he 

slowes 1. 

l h e  mixing dcgrce nay be cor re la ted  wit,h the grinding time. 1 t  i s  

:ry l’or a l l  rc’actions t o  grind the reac tan ts  t’or 10 i i i j n  i n  order. :o 

olit,iin , I  h ighc r  ri?t,C n n d  yicld.  The r e s u l t s  o f  clcmenta! analyses and 

vie ids  a r c  showri l’;iblc ! and comparcd w i t h  the r e su l t s  o f  io inpound,  w h i c h  

were syrithesizcd in s o l u t i o n .  T h e  p roper t ies  01’ the products a re  t h e  same 

a s  that of‘ compourd synthesized i n  so lu t ion ,  such as  I H  arid I . V  spectra. 

Visible Absorption Spectra 

‘The ahii,rpiion spec t ra  shown in Figs .2-4 were imeasurcd on a LV-240 model 

spectrophotomc1.cr (Shiniadzu, Japan).  ‘The spec t ra  rneasui-em~nis i n  DMF i i s  

solvent i n  the  range of‘ 350 700 n m  were car r ied  o u t  f o r  ih(: porphyrin and 

thc con1p:exes. F igs .  2--4 show a very intense absorption peak a t  350-500 nm 

(SoIct bond) for the porphyrins and t h e i r  complexes. There are various 

absorption peaks for  the l igands and the complexes i n  the range of 500-700 

nm w i t h  much l e s s  in tens i ty  (Q band). The extinction coe f f i c i en t s  and 

ahsorpt ior- wave’ lengths a r c  shown i n  l ah l e  11. 

Fluorescence Spectra 

‘The flucrescctnce spectra were determined on a 850 model fluorescence 

spectrophotometer (Shimadzu, Japan). Every porphyrin 1 igarid has a very 
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LEAD PORI’HYRIN DERIVATIVES 283 

350 500  i 
Wave length (nm) 

0.S 

0.35 

1 

E’ig.2.Absorption Spectra of H21’HPP and its Complex: Solid I.ine, f4,‘IHI’P; 
Dashed Line. Complex 
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284 ZIIANG, LIU. A N D  FAN 

Wave lzngth (ntii) Wave length (nm) 

Fig.4 Absotption Spectra of 1 12~l?Jf'l' 
and its Complex: Solid Line. I 12'f.Xl'f'; 
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LEAD PORPHYRIN DERIVATIVES 285 

Table 11. LV Spectral Deta of I’orphyrins and Lead Porphyrins (in D M F )  

t I,TtIPP 

PbIIlPP 

I1,TMOPP 

I’bTMOPP 

II,TKPP 

PbTU P P 

422 (46) 

169  (14) 

‘469 (44) 

42 1 (49) 

470 (50) 

‘470 (50) 

422 (48) 

473 (45) 

‘473 (45) 

519 ( 3 . 8 ) ,  557 ( 3 . 4 ) ,  596 (1 .31,  653 ( 1 . 7 )  

528 (1.41,  596 (1.81, 660 ( 2 . 1 )  

The data are the results of products synthes ized  in w l c t i o n .  

also evidence of complex formation. The replacement of the imino hydrogcxn 

atoms results in shifts of many absorption bands of‘ the ligands to higher 

or lower frequencies. The suggested structure of the lead porphyrin 

complexes is shown in Fig .  5. 

CONCLUSION 

Solid state reaction conditions were applied to synthesize lead(I1) 

porphyrin derivatives in high yields. The method i s  simple, convenient and 

sui t a h l e  for the synthesis of rnetalloporphyrin complcxes. lhe composition 

and structure of the reactants, reaction temperature, initiator arid degree 

of mixing affect tho rate and degree of the so!id state reactions. Iligher 
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286 ZHANG, LIU, AND FAN 

Tablc I I I .  I R  Data o f  Pol-phyrin: :  kind I.ctad I ’ o r p h v r i n s  

~ 

ii2‘riii~il P ~ T H P P  ti;rwiip !’tlnwi) H ~ W P  w,nw __ 
3482 m 3495 m 
(3482 m )  (3495 m )  
:i:313 w 3321 w 3321 m 

(3318 w: (3321 w i  (3321 ni) 

3104 w 3112 w 3104 iv 3109 ni 3101 w 3112 w 

(3104 w) (3112 w) (3104 w) (3109 ni) (3104 w )  (3112 w )  

3073 w 3075 w 3073 w 3075 w 3073 w 3073 w 

(?1073 w) (3075 w) 13073 w) (3073 w) (307:3 w) (3073 8,) 
2930 :n 3071 m 2931 I!: 2925 ill 2030 m 2928 11: 

(2930 m) (3071 m) (2931 ci) (2925 ni) (2930 m) (2928 in) 

2853 w 2854 w 2853 w 2653 w 2853 w 2853 w 

(2853 w) (2854 w) (2853 w) (2853 w) (2853 w) (2853 w) 

2355 w 2359 w 2355 i v  9 w 2355 w 

ti i v  2330 w 5 w 2325 w 

(2326 w) (2330 w) (2325 w) (2325 w) (2325 w) (2325 w j  

I602 s 1607 m 1609 s 1608 s 1595 s 1596 s 

( IS02 s) (1607 m )  (1609 s )  (1608 s) (1595 s) (159tj s )  

1580 in 1591 m 1575 in 1579 rn 1575 m 1575 w 
(1580 m) (1591 rn) (1575 n i l  (1679 m) (1575 m) (1575 w) 

1518 s 1515 s 

(1518 s) (1515 5) 
1510 s 1508 s l5:O s 150-1 s 1510 s 1504 s 

(1510 S) (1508 S) (15i0 S) (1501 S )  (1510 s) (1501 s) 

1475 rr 1475 ni 1475 m 
(1475 rn) (1475 rn) (1475 m) 
1460 rn 1448 m 1461 rn 1440 m 1456 rn 1439 rn 

(1460 rn) (1448 m) (1461 rn) (1440 m) (1456 rn) (1439 rn) 

1462 rn 1455 s 1467 rn 1467 m 1458 rn 1456 rn 

(1462 m) (1455 s) (1467 m) (1467 m) (1458 rn) (1456 m) 
1350 s 1346 s 1347 s 1345 s 1347 s 1345 s 

(1350 s )  (1346 s) (1347 s) (1345 s) (1347 s) (1345 s) 

1217 s 1247 s 
(1247 s )  (1247 s) 

1213 s 1206 m 1214 s 1208 m 1211 s 1208 s 

(1213 s )  (1206 m) (1214 s )  (1208 m) (1211 s )  (1208 s) 

1171 s 1168 m 1171 s 1177 s 1175 m 1177 m 

v (C II) 

v (C-C) 
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LEAD PORPHYRIN DERIVATIVES 281 

Table 111. Gmrinued 

(1171 s )  (1168 m) (1171 s )  (1177 s )  (1175 m) (1177 m) 
1107 s 1110 s 1106 s 1108 s 1107 s 1110 m v (C=C) 
(1107 s) (1110 s) (1106 s )  (1108 s )  (1107 S )  (1110 m) (pSubst.pheny1) 

991 m 1002 m 993 m 1002 m 1008 m 1013 m v (C-H) (pyrrole) 
(991 m) (1002 m) (993 m) (1002 m) (1008 m) (1013 m) 
9’68 m 968 m 968 m 6 (N-H) (pyrrole) 
(968 m) (968 m) (968 rn) 
847 m 846 m 847 m 847 m 847 m 847 m v (C-N) (pyrrole) 
(847 m) (846 m) (847 m) (847 m) (847 m) (847 m) 
799s 800 s 801 s 803 s 800 m 803 s v (C-H) 
(799s) (800 s )  (801 s )  (80 3 s )  (800 m) (803 S )  (p-disubst.pheny1) 

The data in parentheses are the results of products synthesized i n  solution. 

Fig. 5. Suggested structure of the Complexes 

temperature, presence of initiators and h i g h e r  mixing degree r e su i t  i n  an 

increase of‘ the reaction rate. The rcact i n n  rates of various ligands are 

d i f f e r e n t ,  the rate order is:  H;TtlPP > I1,TNPP > H,TMOPP. I K ,  U V  and 

fluorescence spectra and elemental analyses show that composition and 

structure of the complexes are the same as those synthesized i n  s o l u t i o n .  
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